(19) 



J 



Europttsches Patentamt 
Europein Patent Office 
Office europten dee brevets 



iiiiii 



(12) 



(43) Datoofpubfication: 

1&08.1999 BuIMn 1999/33 

(21) Application numbflr: 9811 643U 

(22) Oateoffiting:31.0&199e 



(11) EP 0 936 829 A2 

EUROPEAN PATENT APPUCATION 

(51) mt a«: H04Q 7/36, H04Q 7/30 



(84) Desianated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES R FR GB GR IE IT U LU 


• Ohyama, tCatuya, 


MCNLPTSE 


Fujitsu Communlcatton System Ud. 


Designated Extension Statee: 


Ybkohan»shi, KaniQma 222-0033 (JP) 


ALLTLVMKROa 


• TMaliashl,TM(enart, 


(30) Pnority: 13^1996 JP 3164996 


FUJttsu ConwmmlcMon 


Ybkohan»-aM, KmgsM 222-0033 (JP) 


(71) Applicant FUrrSU UMTEO 


(74) Representaliwe: HOFFMANN . Eni£ 


KawasaW-shl« Kanaom 211-8588 (JP) 


rMwrnt^ una Kecfnsanwane 




Ai»beBasti«sse4 
81925 MUnchen (DE) 



(54) Mobile communication system, mobOe 

(57) A mobHe communication system Imolves a 
mcbife space defined ia tor exanple. a train, and 
mobile terminals avaitabie in the marttet When the 
mobile terminalB are used In the moble spaca the sys- 
tem provides them with value-added sendees flDcdusive 
to the mobile space. Ihe system also indudes ensting 
base stations each controBing a fixed ratfio zone that 
covers a pra(,^}etormined area, and a mobile base station 
for controttina a moble rmfio zone allocated to the 
mobile space where the mobile terminals are used. The 
mobile baM station serves as a mobie base station to 
communicate with the eadsting base stations, and as a 
fixed base station to co i w i m i ciUe with the mobie ter- 
minals when the mobie tenninali are In the mobie 
radio zona Also provided is a method of oontrofling 
suchasystemi 
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Description 

BACKGROUND OF THE IfJVENTION 
1. Rekjdthebwenbon 

[0001] The present invention retartee to mobHe conv 
munication and. particuiarty. to a mobde conTTutication 
system tnvohnng a mobile base station that is installed 
ia for example, a train to prcvide vatue-addad services 
to mobile units such as ceQUar phones and pagers that 
are present In a mobile space formed in the train. The 
present invention also relates to a method of controHinQ 
such a system and such a mobile base station. 
[0002] The present invention allocates a mobile racSo 
zone to a mobile space def md in. lor exan^ple. a pubic 
transport unit such as a train or a bus. and provideB ape- 
oTic services only to mobile initB that are present in the 
mobde radk) zone. 

Z Description of the Related Art 

[0003] There are no pria arts that emplcy the concept 
of assigning a mobile rado zone to a mobile space so 
that the mobile radio zone may travel together with the 
mobie spaca This concept is advarttageous in dearly 
separating the inside of the mobile space from the out- 
side thereof. 

[0004] The pria arts employ fixed racfio zones, which 
are unable to separate subscnber terminals that are 
present in the mobile space from thoeettnt are present 
outside the mobile space. The prior arts, therefore, are 
unaUe to provide exclusive services only to subscnber 
terminals that are present in the mob0e spaca 
[OOOS] Rgure 1 shoivs a mobie connunication sys- 
tsm according to a prior art 

[0006] An existing base staion 10 (A) has afixadrado 
zone 20 (C^} In w?;ic^ £ ■t. : ^!!: sp£CC 30 (S) trs^e^ 
The mobile space 30 aeoommo dat ea mobile subscrtoer 
terminals 40 and 41 (a. b). A nwbilesubecrtor terminal 
42 (c) is inside the zone 20 but outside the mobile space 
30. The easting besa sttfon 10 provides communica- 
tion services to the subecrtMr tenrinafs 40 1> 42. 
[0007] The CDditkig base station 10 directly controls 
the subecrfeer termMi 40 to 42 with regard to their cU 
and speech signals and, therefore, cannot Imv 
whether the subscrber terminal 40 is inside or outside 
the mobile space 30. The existing base station 10 sim- 
ply pr^es the s«ne services to al of the 64i)scriber 
tarnvials 40 to 42 without dtoirninating the subecriber 
terminals 40 and 41 that are inside the mobile space 30 
from the 6ub60ra>er terninai 42 that is outside the 
same. 

[0006] If the mobSe space 30 Mnts to provide the 
irside thereof with specific services such as arrival time 
notificatioa the mobile space 30 must have dmces to 
dBplay the information, or passengers in the mobie 
space 30 must have special receivers to receive the 



irttormation. Such display devices involve costs, which 
may be absorbed by d^ayvig corporate advertise- 
ments thereon. The costs of such special receivers. 
hcMTMr. must irrpose a burden on passengers. 

5 [0009] Instead of the special receivers, the existing 
base station 10 may employ standard subscrter termi- 
nals to use special dial services. The mobile space 30. 
hcwrever. travels along a route where there are radio 
bk)cfcing objects such as high buikfngs and tunnels. It is 

10 irnpossibie for the existing base station 10 to sectfe sta- 
ble conmmation for the subsaiber temiinals tn the 
mobile space 30 that travels along such a radio blocking 
route. 

[0010] When the mobile space 30 moves from the 
15 zorie 20 to the next zone 21 at a high speed, ctannel 
switching and position registering processes sinUtane- 
ouety occur between t>e existing base stations and the 
subecri>er ternMe in the ncbile apace 30. to nwintan 
oonmtfttcabon between them. Thie may temporarily 
30 congest a networt( that connects the existing base Sta- 
tions to one another. At the same time, each subscrtoer 
terminal must scan perch channela to exhaust tt)e bat- 
terytheraol 

29 SUMMARY OF THE INVENTION 

[0011] An objector the preeent invention is to assign 
at least one mobie redo zone to a mobfle space such 
as a train or a bus so that the mobile radio zone may 
90 travel with the mobile spaca. The mobie radio zone 
dearty separates tie inside of the mobie space from 
the ouside thereof and provides subscriber tenninals 
that are present in the mobie radio zone with exclusive 
servicea 

35 [0012] In enter to aooompfish the object the present 
nvention provides a mobie oomnrunication system 
indudhg eodating base stations each fx controiing a 
fnrfri radio zona that coven a p redeterm in ed area, a 
mobie base station for oonfrofing at least one mobile 

40 radk) me assigned to a mobie space, and mobile sub- 
scriber terminais% 

[0013] The mobie base station has a first commml* 
cation unit for communicating with the existing base sta- 
tions, a second co mn m i cal ion unit for co mm unic atng 
45 with the subecrt>ertenninatt, and a oonM unit for con- 
trolling path connection between the firet and second 
ooiiMHi ni ca t ion loiitB. 

[0014] The first comrrunication unit conr>ects and 
owitchee channels to the existing base ctationB. inde- 

50 pendenHy of the second coniiMsuaioii unit The fist 
oonmmication unit holdB confrol channels to the eodst- 
ing base stations and scans perches sequentiaily for 
released ones of the oontpol channels. 
[0015] The second oommuncation unit connects and 

53 switches channels to the subscriber terminals, inde- 
pendently of the first oomnrunication unit The nurrtMr 
of mobie radio zonee oontrofled kyy the seoorvl oonvnu- 
nication tftit is at least one. and the second communica- 
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lion unit conrrunicates witti subscnber terminals that 
are present in the moble radio zones. 
[0016] TTw second convnunication unit nrtakes the 
level of signals transmitted thereby higher than the level 
of signals received thereby from the existing base sta- 
tions. 

[0017] The mobile base station furtier has a service 
unit for providing specific services to subscnber termi- 
nals that are present in the mobile radio zones. The 
specific services may be individually provided to the 
mobile radio zonea 

[0018] When entering into and exiting from the mobile 
radio zone, a subscriber terminal according to the 
preserrt trvention cormeds and switches charrats if the 
entered or exited state continues for a predetermined 
time. The nxAxle base station may confirm the ertered 
or exited state aooon&ig to whet>er or not the state 
contirnies tor the predeternmd tirna The existirig base 
stations may confirm the entered or exited state aoooid- 
ing to whether or not the state continues for the prede- 



BRIEF OESCRIPTON OF THE DRAWINGS 

[0019] The present ir^ention mi be more dearly 
imderstood from the description as set forth betow with 
reference to the aooonnpanying drawings, in which: 

Fig. 1 shows a mobile oommunicabon system 
according to a prior art; 

Fig. 2 shows conwnjnication between existing base 
stations and a mobie t)ase station aooording to the 
present invention; 

Figs. 3 and 4 show speech channel switohing corv 
tral among eodsting base staHons. a mobie base 
station, and subscriber terminals accorcfing to the 
present irwention; 

Fig. 5 shows a basic a r r a n g ement of a mobie base 
station acoordng to the present waniioii; 
Fig. 6 shows an operation o( a subscriber terminal 
that is in a waiting state and moves from an existing 
radto zone into a mobie rvSo zone, aooordlngto 
the preeenl invenlton; 

Fig. 7 showe an oper a tion of a subecrfoer terminal 
that is in a wattng state arvJ mc^fee from a mobie 
radfo zone into an eneting rado zone, aooordffig to 
the preeenA invention; 

Fig& 8A and 86 show holding and switching corrtrol 
according to the present invention; 
Fig& 9 A and 9B show taiwnssion power control 
acoordng to ttie present nvenlion; 
Fig& IQA. lOBandllA. 11 B show an operation of 
a subscriber terminai that is in a talong state and 
moves from an existing radk) zone aito a mobie 
radfo zone, a cc ordin g to the present invention; 
Figs. 12A. l2Band 13 show an operation of a sub- 
scriber terninal that is in a taHong state and nvves 
from a mobie radto zone Irto an existing radfo 
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zone, according to the present invention: 
Ftgs. 14A. 148 show a position registering opera- 
tion of a mobie base station, according to the 
present invention; 

Ftg. 15 shows a control channel switcNng operation 
according to the present invention: 
Figs. 16 and 17 show an operation of handfing an 
inco ming call to a subscrfoer terminal that is 
present \t\ a mobie radfo zone, according to the 
present irMnHon; 

Figs. ISA, 18B show an operation of handling an 
outgoing cai from a sitecriber tenninal that is 
present in a mobie radfo zona according to the 
present irveniion; 

Figs. 19A. 198 show a channel switching operation 

of a mobifo base station between existing base sta- 

tior«,acoordfog to the present invention; 

Fig. 20 shows a channel ewitching oper ati on of a 

mobie base stolon between mobie radfo zones. 

according to ttie present invention; 

Fig. 21 shows a speech ta nni nat tan operaion 

acco ffing to the present invention; 

Fig. 22 shows a squelch operatfon between a 

mobie base staion aivS v\ existing base station, 

acc ording to the presert invention; 

Fig. 23 shows a squefoh operation between a 

nnbie base station and a subscriber temvnal. 

aooordfog to the presert invention; 

Fig. 24 shows an operation of providing adtfitional 

services through speech ctiannels. acooffdng to the 

present iveriborx 

Rg. 25 shows an operation of providing additional 
servfoes through control channels, acconcing to the 
present inventfon; 

Rg. 26 shows an operation of providfog an incom- 
ing call rejection service acoordvig to the present 
wention; 

Rg. 27 shMS an operation of providng an outgoing 



40 irMntion:and 

FigSk 28 and 29 shw an operation of provicftig 
ft^imtk^ ^ services tfvough s peech and control 
channels, aooordbig to the present invention. 

45 DESCRinrON OF THE PREFERRED QyeOOt- 
MENTS 

[0020] Figure 2 shows communication between eodst- 
ing base stations and a mobie base station according to 

so the present irwentioa 

[0021] A mobile space 30 travels within a mobie oom- 
mmication servioe area. The mobie space 30 is. for 
example, a frain oorvisting of cars a, tx and c A mobie 
radfo zone is a s s igned to each of the cars. The mobie 

sff space 30 travels from a fixed eodsting ratio zone 20 (A) 
to a fixed eodsting radfo zone 24 (E). 
I0022I The mobie space 30 has a mobie base station 
for controling the mobde radfo zones to communicate 
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with mobile subscriber terminals that are present in the 
mobUe radio zones and preside exdusive services 
thereta The mobte base nation communicates with the 
existing base stations and carries out conrmrication 
operations such as channel svMtching and position reg- $ 
istering. 

[0Q23] For the sake of simplicity of expianabon. the 
mobile space 30 is referred to as the mobile base sta- 
tion 30 in the toUMing description. The mobile base sta- 
tion 30 starts from the existing radto zone 20 controlled 10 
tyjf an existing base station 10 (A). Namely, the nvbie 
base station 30 holds perch channels of the existing 
base station 10 to secure speech channels 10 the exist- 
ing base station 10 if there are calls. When the moble 
base station 30 starts to move toward an eaosting rado is 
zone 22 controlled by an existing base station 11, a 
communication ooncfition with the e xistin g txse station 
11 gradually improves irom a point 50 (w) where the 
eDdstingFadMzonee20and2l overlap. 
[0024] The mobile base station 30 scans perch Chan- » 
nels and switches the eodsting base station 10 to the 
flDdsting base station 1 1 that secures the best communi- 
cation condition at the moment If there are conversa- 
tions in progress at this moment the mobie base 
station 30 SMMtches speech channels for the converse- 2S 
tions. The simiar switching operation is cairied out at 
each of points 51 to 53 (X to z). and the mobile base sta- 
tion 30 arrives at a deetination in the existing rado zone 
24. 

[0Q25) Figure 3 shMs speech channel switching con- x 
trol among the eodsting base stations, mobile base sta- 
tion, arvl subscrft>er terminals. 
[002$] The mobie base station 30 travels ton the 
existing raifio zone 20 toward the existing ractio zone 21 
wttile owrtchtng speech r honneli. ss 
[0027] The mobie base station 30 controls one or 
more mobie racfo zones 60-1 and 60-2. which involve 
transceivers 37-1 and 37-2. respedhfely. to radio^om- 
municate with subecnber terminals tnat are present in 
the mobile racSo zones. The mobie radto zones 60-1 4o 
and 60-2 c orre sp ond to the cars a and b of Rg. 2. 
respective!)^ A ateotoer tsrminal 40 is in the mobie 
radto zone 60-1 at first and moves to the mobie racfo 
zone60-^ 

[0020] As wUi be eB9)lBined later with reference to rig. 49 
9, the transceivere 37-1 and 37-2 oonM the level of 
racte transmission signals to be higher then the level of 
signals received from the eodsting base stations by a 
predetermined value. This is to oonM the le^ of 
perches among the sufascrtoer terminal 40. mobie base so 
station 30. and eodstingbasestations 10 and 11 in such 
a My as to give priority to connection between the sub- 
ecnber tennnal 40 and fie transceiver 37-1 or 37^. 
This level controtting of the present invention envies 
subscriber terminals avaiabe in the market to be used ss 
in mobie objects to receive exclusive services. 
[0029] Commuiication between the existing base sto- 
tionslOandll and the mobile base station 30 is car- 



ried out as ei^atned witti reference to Fig. 2. 
Communication channels are switched from those of 
the existing base station 10 to ttx)se of the existing base 
station 11 at arotiid the point 50 where the existvig 
rado zones 20 and 21 overlap. According to the present 
invention, connection between the mobie base station 
30 and the subscriber terminal 40 that is in the moble 

rado zone 60-1 is unchanged at the point 50 to maffitain 
oomrrurtication 

[0030] If the subscriber terminal 40 moves from the 
mobie rado zone 60-1 into the mobie radio zone 60-2. 
the quality a« connection with the transceiver 37*1 dete- 
riorates, and that with the transceiver 37-2 improves. 
Conse^jentiy. the mobie base station 30 switches the 

oonrtection of the sU3ecrit>er terminal 40 from the trans- 
ceiver 37-1 to the transceiver 37•^ 

[0031] Figure 4 shows speech channel switcNng con- 
trol among the existing base stations, mobie base sta- 
tion. an d subecnber terninali 

[0032] The mobie base station 30 tavels from the 
existing radk> zone 20 toward the eodsting radto zone 21 . 
arto w trol channels are switched ton one to 
10033] The mobie base station 30 is connected to tie 
rating base station 10 through a control civnnel 1. 
LMer the conM off the mobie base station 30. the sub> 
scriber termital 40 is nialong a cal through the control 
channel 1. As tie mobie base station 30 approaches 
the point 50. the quafty of connection wrti the existing 
base station 10 deteriorates, and tiat witi toe existrig 
base station 11 improves. 

[0034] The mobie base station 30 maintains toe cal 
toe subscriber terminal 40 until it completes. Ifasub- 
scriber temml 41 makes a new cal. the mobie base 
station 30 handes the new cal wito the existing base 
station 1 1 through a control channel m. Sooa the cal of 
the subscriber terminal 40 conpletes. while the cal of 
the subscriber terminal 41 continues. The conto chan- 
nel I torough which toe cal of the sU&scrtoer te r min al 40 
has oeen uiiMeisu scarv perches to msiv riseif pra- 

pared lor the qualty deterioration of toe control channel 
ra 

Vmsi According to the present inventfoa the mobie 
base sMon 30 senw Bteraly as a mobile base station 
wito respsct to toe easting bsse stations 10 and 11 
torough toe oonto channels I and m. On the other 
hand, toe mobie base station 30 eerves as a fixed base 
station wito respect to toe subscrtoer terminals 40 and 
41. to tois My. the present invention is capable of 
dearty separating hierarchicaly higher ctations from 

ICMer stations by using toe mobile base station 30 as a 
boundary. 

[OOSq The mobie base station 30 is capM of pro- 
vidng toe subscriber temrinals 40 and 41 . which may be 
tttose avaiable to the market wito exclusive sendees 
toat are imited in the tran. The exclusive services 
include maldng a conversation between toe sitoscrtoer 
terminals to the traia rejecting inooming calls to toe 
subscrtoer ternmnals. ordering something from a cafete- 
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ria in the train, and getting information about the next 
stop of the train. NaturaBy, the subscrft>er terminals can 
start outside calls or receive incoming calls through the 
mobile base station 30. 

[0037] The exclusive services to be provided in the 5 
train involve no rattt) blocking areas, and therefore, are 
of high quality. Even when the mobile base station 30 
moves from one existing radio zone to another, the 
exclusive services are not influenced by such move- 
ment, and therefore, no sinnitaneous channel SMvitching 10 
and position registering oocu. As a result no temporary 
congestion occurs, in a networtt that controls the exist* 
ing and nrvble base stations, and the subsaiber termi- 
nals are not requred to scan perches to exhaust 
t>atteries. is 
[0038] Rgire 5 showrs a basic arrangentent of the 
mcbile base station 30 according to the present inven- 
tion. 

[0039] A base transceiver 31 oomnunicateBwHh the 
existing base stations A base conMler 32 controls the 20 
base trai«ceiver 31. secures channels for the tttse 
traneceiver 31, and scans perches in existing ratfo 
zones around it 

[00401 Temrvnal transceivers 37-1 to 37-n commune 
cate with sttecrtMr terminals that are present in the 25 
mobile radio zones controlled by the mobie base sta- 
tion 30. The terminat transceivers 37-1 to 37hi also con- 
trol the level of radfo transmission signals in the moble 
rado zones as wefl as the level of perches of the sub- 
scrfoer terminais. A terminal controller 33 controls the x 
terminal tramceivers 37-1 to 37-n and switches speech 
and control channels between the moble radfo zones. 
[0041] A main controier 34 controls the base control- 
ler 32 and terminal controller 33 and selects channels 
between tiem. An addhfonal^service siiapier 35 sup- 55 
plies services that are specific to the mobie base sta- 
tion 30. The adciional senncee include special dnl 
sanhces indfvidualy provided tar the mobile radfo zones 
and a service fbr prohfoiting incoming calls A mamte- 
riance unit 36 is used to maimain the mobite base sta- 40 
tion 30 as a whole and has a man-machine interlace 
such as a personal oonpulsr. 
[0042] Figiyes 6 to 29 show co m n mii ca liu 1 conttrol- 
iing sequences among the network, existing base sta- 
tions. rnobOe base stalfon, and subscriber terminals of 49 
Figs. 2 to 5, ac cording to embodiments of the preeent 
in>Antion. 

[0043] The oontrottng sequences Of Rgs. 6 to 29 are 
classified into the below-mentioned seven cases, which 
wis be explained one by one. The details of each of the so 
oommumcation control sequences follMr standards 
stipiiated in. for example. RCR-27E (MTT) Recommen- 
dations. The seven cases are: 



(3) handling incoming caU to sU3saiber terminal in 
mobie radfo zone: 

(4) handfing outgoing cafl from subscrfoer terminal 
in mobie radfo zone; 

(5) switching chcmels for caU of subscriber termi- 
nal in mobie radfo zone: 

(6) cutting cal of subscrfoer terminal in mobie radfo 
zone: and 

(7) prwiding exclusive services in mobile rmSo 
zone 

(1 ) Handbng subeoriber terminal ¥vhen it moves 
between existing radfo zone and mobile radio zone 

[0044] A mobie subscrfoer temmal that moves 
between an existing radfo zone and a mobie radfo zone 
is in a waiting or taNng state. TNs will be e^lained. 



1) 



[0046] Figures 6 and 7 show the operation of a mobie 
subscrfoer terminal of waiting state moving between an 
eodsting radfo zone and a mobie radfo zone. 
(004$1 In Rg. 6, the subscrfoer terminal in a waiting 
state moves from an eodBting radfo zone into a mobie 
radfo zone. The subscrfoer temrinal receives a report 
having a higher signal level 1^ the mobile base station 
that conMs the mobie radfo zone and detects a perch 
channel of the mobie radfo zone in steps SI 01 to Si 03. 
The report includes data about ttis mobie base station 
and the position thereof. 

[0047] After recognizing a change In a position 
nunfoer in the report the subecrfoer terminal transmits 
position registering data indudfog a machine nunber in 
step 8105. The mobie base station receives the posi- 
tion registsring data and transmits it with a nfobie base 
station number to the easting base station tiwt controls 
the mobie base station in step S10& The eodsting base 

station UaiWIlib ine puiakjO f o^i^viMy dSSSi tD ths t^- 

work in step S107. The network has a home memory 
(HLR). 

[0048] Upon receiving the position registering data, 
ttw home memory writae the mobile base station 
nunfoer as ttie registsred position nunfoer of the sub- 
scriber terminal in step 8114. If tiiere is a cai for the 
subscriber terminal, ttie mobile t>ase station nunfosr in 
ths home msmory fo ussd to find the position of tiv Sii>- 



(1) handling subscrfoer terrnnal when it mcves 
between existing racfio zone and mobie radfo zone: 

(2) registering position and selectmg control charh 
nels for mobile base station: 



[0049] The home memory may be dMded into two. 
one tor subscrfoer terminals and the oti>er for mobie 
base stations. It may be poesible to register a mobie 
base station lice a subscrfosr terminal in a single home 
memory. Since tt>e present ir^ntion relates a pktfaltty 
of subscriber terminals to a moblls base station, it is 
preferable to prepare a home memory for moble tMBe 
statioris arid artotiw tor subscrfoer terrririals. 
[0050] bi Rg. 7. the sUbecrfoer terminal in a waiting 
state moves from a mot)ie radfo zone into an existing 
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radio zone. The sttectiber terminaJ detects a perch 
chanriel of high level the existing radio zone in steps 
S121 and S122, receives a report from the exsting 
radio zone in step S123. and recognizes a change in a 
position nunt>er in step Si 24. ^ 

[0051] In step S125. the subscriber terminal transmits 
position registering data to the existing base station that 
contrds the existing radio zone in question. The steps 
that foilm are the same as the con-esponding steps In 
Fig. 6. Namely, the existing base station transfers the io 
position registering data to the network in step S126. 
and the network writes the position rumber of the exist- 
ing radio zone sent from the subscriber temvnal wi the 
home memory in step S131. 

[0052] It is possUe that the subscriber tenrral rs 
moves from a motsie radio zone into an existing ratfo 
zone and quicMy returrw to the mobie radio zone, that 
an outside subscriber terminal passes beside a nvble 
radio zone of a train that is stopped at a station, that a 
mobfleracSo zone passes beside an outside subscrte 20 
terminal, and that a moMe rado zone passes beside 
eodsting base stations. In any one of these possUe 
cases, the subscriber terminal may temporarily switch 
the present channel to another that provides better 
radio waves. 25 
[0053] If this happens, however, the sub6crt>ertsnT»- 
nal a moble base station nrust quicWy char^ its posi- 
tion registering data. This Inaeases traffic and bad on 
the network and hinders communicatkan services. To 
avoid tte. the present invention sets a predetermined ao 
tag time before sending position registering data when a 
subscriber terminal moves between mobie and ttBting 
radk) zones to change the registered positkxi number 
thereof. Only if the change lasts for the lag time, does 
the present invention transmit the positxsn registering 3$ 
data to the networtc 

[0064] Figures 8A and 8B show the lag time confrd of 
the present tnventksn. 

[0065] A thinly dotted bar represents the level of sig- 
nals received by a subscriber termral from an odsting 40 
base statkyi. and a densely dotted bar represents the 
level of signals received by the subscriber terminal from 
the mobile base stitioa In a perkxl t1. the level of sig- 
nals received from the mobile base statnn is higher 
than that from the ttdsting base station. A period 10 is 45 
the lag time between the detection of a change in a 

position number and the execution of a poeitiQn number 
changing operatioa 

[0066] The case of Fig. 8A occurs when the u±h 
scribertennna] is outside the mobile base station, and so 
the mobile base station passes beside the subecrtMr 
terrmal. Since t1 <t0. the subecrtertermirtti does not 
transmit posrlion registering data. The case of Fig. 8B 
occurs when the subscriber terminal is on a platform 
where the mobile base statx)nanive& Since t1 > to. the ss 
subscriber termmal transmits positkxi registering data 
at the timing of an LpMard arrow mark. 
[0057] In these exanples. the subscriber temirvl 



determines whether or not the tag time has elapsed and 
carries out a channel switching operation. Instead, the 
mobile base station a existing base station may carry 
out the channel switching operation based on the tag 
tima This enabes subscriber terminals available in the 
market to be used as they are for the present ffivention 
and reduces the traffic o4 the home memory of the net- 
work. 

ip058] The moMe base station of the present inven- 
tion maintains transnrvseion power in the mobde racfo 
zones higher than that in ambient existing radio zones, 
so that subscriber tenninals in the mobde r^so zones 
are not affected by the existing radk) zones. 
[0059] The mobile base statton of the present inven- 
tk)n may monitor the corKfitkj m of channels of the 
mobile radio zones and of the urtmrti existing radio 
nnee. and make the level of signals frmnsmittsd in the 
mobile radio zones ahvaye higher than that in the ttdst- 
ing radk) zones by a predetemined vakieL 
[006Q] Figures 9A and 9B show an exanpfe of this 
fransmiesion power control. 

[0061] A thinly dotted bar represents the level of ^ 
nals received by a subscriber temvnal from an existiig 
base station, and a densety dotted bar represents tie 
level of signals received by the sii>ecriber ternvtiri from 
tf)e mobie base station. 

[0062] The example of Fig. 9A occurs when the 
mobie base station in whk:h the sUsscriber terminal is 
present passes bestie tie existing base staioa The 
reception poMr of the sitecriber temind reaches a 
peak at tie center of Fig. 9A. If the fransnvssion power 
of tie mobile base station is fixed at a value tutt is 
higher man tie peak, tie mobile base station must 
eKceestvely consume power. In addition, tie mobie 
base station may proinde peripheral sitecriber tenrt- 
r»tojMti unwanted radto waves when tie mob^e base 
station fravelB ttfough an area where tM level of signals 
received from existing base stations is low. 
[0069] Figure 9B shows an example of tansrnssion 
power contol according to the present inventnn to 
avQkJ tie preblem of Ra 9A. The mobile base station 
variably conMs tie level of signals to fransmit so mat it 
is ahMys higher by a predetermined value tian tie level 
of signals received from eodsting base stations. As a 
reeult the iMl otf signals transmitted from tie mobie 
base station and received by subecrber termir«ls ttiat 
are preeent in tie mobie radto zones of tie mobie base 
station is always higher tian tie level of sign^ tans- 
mitted from eodsting base stations and received by tie 
fiubscrter terminala. Even ¥vhen tie mobie base sta- 
tion passes beskle existing base stationB. no switohvig 
operation occurs in tie subecrtMr temvnals. When tie 
mobile base station mMe away from an existing base 
staioa tie fransmissaon power of tie mobie base sta- 
tion deaeases acc otdkitfy so tiat no unwanted racfio 
wBvee are fransmitted toward peripheral subsai)er ter- 
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2)TaflQngstate 

[0064] Rgures 10A to 13 show the operation of a sub- 
scriber terminal in a talking state moving between a 
mobile radio tone and an exsting radio zone. s 
[0065] In Figs. lOAto the subGcri>er terminal in 
a talMng state moves from an existing radio zone into a 
mobile radio zone. 

[0066] The mobile base station is in an area where the 
existingradiozonesof the existing base stations A and io 
B overlap and mcves toward the existing base station B. 
The subscriber terminal is tallong through the existing 
base station A and moves into a mobile racfio zone of 
the mobile base station. For the subscriber terminal, the 
radto condition of the mobile radio zone becomes better is 
than that of the wasting radio zone of the existing taas* 
station A. As a resuft the sut36crit)er tenrral nrust 
switch the present channel to another. The subecnber 
terminal sends a radio oon ditt on report 2 to the existing 
base station A in step S141. The radio ooncfition report 20 
2 contara radio concfitiors relating to tt)e existing tsase 
stations A and B and mobile basa station and a mobile 
base station number. 

[0067] Aocoitfing to the report 2. the exisbng base sta- 
tion A determines that the radio co ndition of the mobile 25 
radio zorte is tfM nrcst surtatile tor the subsaiser termi- 
nal and requests the network to secure a speech chan- 
nel in steps S143 and S144. The network retriem an 
existing radio zone in which the mobie base station is 
present out of the home memory according to the 
mobile base station number contained in the report 2. 
Through existing base statkm (in fm eotanple. the 
existing base stations A and B). the network requests 
the mobile base statksn to secure a speech channel in 
steps S145 to S147. 35 
[0068] The mobile base station receives the request 
from the existing base statton B in step S148 and 
secures a speech channel in step S153. The ensting 
base statkyi B secures a speech Channel lor tne mooie 
base station in step Si 55. The network issues a Chan- 40 
net switching instrucflon m step S162 to activate the 
respective ch a n nel i In steps S164 and S166. Through 
the present eiiiing base statnn A, the subscrter ter- 
minal receives a tavget radto channelin step 8169. 
[0069] The subecrtoer terminal and mobile base sta- 4$ 
tion. and «ie mobie tiase station and ttdsting base sta- 
tion B synchr o n iz e each other in steps Si 70 and S172 
to maintain the taBdng state of the subecnber terminal 
with no disruption. The ensting bate station A releases 
the present s peech channel in step S176. When the so 
taltdng state terminates, a positkNi re^stering process 
is carried out as signed with reference to Rg. & 
[007D] In Figs. 12A to 13. the subscriber teminal of 
talMng state moves from the mobile racfio zone into an 
existing radio zone. ss 
[0071] This may occur wtMn the mobde base Station 
of Figa 10A to 118 returns to the existing radk) zone of 
the existing base statnn A After exiting from the moble 



radto zone, the subscrd)er terminal serxts a radio condi- 
tkxi report 2 about ambient radk) conditions to the 
mobile base station in step 3181. According to the 
report 2. the mobile base station determines that radio 
condition of the subscriber terminal is better in the exist- 
ing radio zone than in tfw mobile radio zone, and 
requests the existing base stafeon B. wt^ is presently 
controlitng the mobile base station, to secure a channel 
insteps Si83andSl84. 

[0072] The existing base station B passes the request 
to the netMri( in step S185. The network instructs the 
existing tsese station A to secure a channel, and the 
odsting base station A secures a speech channel 
aooordtngty in steps S166 and Sl87. The mobile base 
station spedfieB a tan9«t radn channel for the sub- 
scriber terminal in step S195. The subscriber terminal 
synchron iz es ttseff with the easting base station A and 
maintains the taNng state through the newly assigned 
channel in steps S197 to 8199. The eodsting tiese sta- 
tion B and the mobfle base station release the preced- 
ing channels in steps S202 and 8203. 
[0073] Simiar to the cases of a subscrter terminal of 
Miting state monng between a mobile mSo zone mj 
an existing radn zone, the chanrrai switching operation 
in the taWng state takes plaoe only the predetemi in ed 
lag time aftsr the detection of a change in a radio condi* 
tion report 2. to avoid useless channel switcNng opera- 



(2) Registering position and selecting control channels 
for mot)ile t>ase station 

[0074] Figures 14A and 14B show a positkxi register- 
ing operatkyi of the moble base station according to the 
present invention. 

[0078] As soon as a pcMver sovce is turned on. the 
mobie base statton cairies out a position regi^ering 
operation to an ensting base station (the eodstnig t>ase 
sonion A in vis exanpie) hsving «n auMiriy fwO auTio 
in which the mobile base station is present The existing 
base statkm sends a report with a position rwt)er to 
the mobie base statkm. The mobile base station trans- 
mits the poeitkvi nunter to the home memory through 
the CDdsting base station, and the home menxry relates 
the position number to a mobie t>ase statnn nwrber. 
[0076] In Figs. 14A and 14a the mobile base station 
mcves from the ensting radio zone of the existing base 
station A into the existing racfio zone of the existing base 
station a scans perch channels in step 8213. receives 
a report from ttie existing base station 6 in step 8216, 
and detects a change in a position numlMr in the report 
in step S217. The mobie base statnn canies out the 
positun re^staring operation mentioned above in stap 

S2ia 

[0077] A result of the position registering operatkan is 
recortled in the fx)me memory of the network in stap 
8224. As is appa rent in Figs. 14A and 146, sukascriber 
ternrvnals controied tiy ttw rnobde base station are irrel- 
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to these processes. Accordtngty. any subscriber 
terminal in the mobtie radio zones of the mobile base 
station keeps a position number specific to the mobie 
base station mn if the mobile base station carries out 
the position registering operation. 5 
[0078] The mobSe base station of the present inven- 
tion in\«lves subscriber termtnais that exdusively use 
control channels whenever they make or recove calk. 
Accordingly, the mobile base station nitft have a plural- 
rty of control channels to make itself ready for control 10 
channel svMtching requests. If there are no incoming 
ml outgoing cats, the mobile base station is in a wait- 
ing state simitar to subscriber terminals. At this lime, the 
control channels are on perch channels of a corre- 
sponding existing base station, or on scan perch chan* 15 
nels. 

[0079] If there is an incoming or outgoing cal. the 
mobile base station selects or>e of the control channeU 
that is available tor oonnminication ard has a sutable 
quafity and starts cal control on the selected control so 
channel. If the number of calls increases to fiilyooow 
the conM channel the next available control channel 
having a suitable quality is selected. Since the mobie 
base station is always traveling, a control channel used 
first graduafly deteriorBtes. On the other hand, control 25 
channels turt are not used are ahways on perches that 
are av^able and have suitable quality in a correspond- 
ing exKting radio zone. 

[0080] The base contrder 32 (Ra 5) always selects 
a control channel that is avaflable for oomnuvcatiQn x 
and has good quality. TTie control channel preeentty 
used gradually deteriorates as the mobile base statkm 
travela and therefore, is not used for new call& Conse> 
quently. the control channel presently used wa be put in 
a waiting state as soon as it starts to handte no calls. 36 
Then, this control channel scans an avaiable perch of 

good quality in an existing radk) zone. These processes 
are repeated. 

[0081] Figure 15 shows the control channel swilching 
operation of the mobile base station acooidng to the 40 
present irwenflon. 

[0082] h this enmple. the mobOe base stattan has 
three control channels a. and c The ewitching opera- 
tion of tfiese contref channels wtl be ttqalained 
[0083] In a silualion(l), the control channel a handlee 45 
a call through the ttdsing base station A. In a situation 
(2), time has passed witnut change. In a sibiation (3), 
the control channel b starts to handto a cal tvough the 
odsting base station a and t>e control channel a does 
not pick tp a new cal. In a situation (4), time has so 
passed without change. 

[0084] In a situation (5), the control channel a handte 
no cal. In a situation (6). the control channel a scarv 
perches and recognizes the existing base statkvi D. The 
control channel c starts to handle a aril through the m 
existing base station C The control channel b does not 
pick i4> a new cal. In srtuatkm (7) and (8). time has 
passed without a change. 



[0085] The control channels are used only when con- 
necting incoming arxj outgoing calls, and therefore, an 
oooipatkDn time of the control channels is short, if there 
is a call that occupies a control channel for several sec- 
onds, the call is disconnected as abrxxmal. Accordtngty, 
the control chartnels need only several secorxis to 
restore a waiting state after use. 

(3) Handling incoming call to subscriber ternvnal in 
mobie radk) zorfe 

[0086] Figu-es 16 and 17 show an operation of han- 
ding an incoming cal to a subscriber tem^nal that is 
present in one of the mobile racfio zones of the mobie 
base station. 

[0067] When an incoming cal to the subscriber terrri- 
nal occurs, the networfc retrieves positional data for lie 
8ubscri>er terminal out of the home memory. As 
earned in *(1) Handling subscriber temwtal when it 
moves between existing ra^ zone and mobile rad» 
zone,- the posibonal data for the subscriber temtinal 
has a mobie base station number instead of a position 
number. According to the mobie base station number, 
the home memory retrieves positional data for fy 
mobie base station and obtains a position number in 
step S230. 

(0OB8] Then, a cal is made to an eodsting base station 
having the position nurber in steps S231 and S232. \n 
tNs example, the existing base station B receives the 
call and cals the mobile base station in step S233. The 
mobie base station relays the call to the mobile radto 
zones thereof in step S234. The cal is received by the 
corresponding subscrte terminal, which returrv a 
radk) receiving condttion report in step S235. The 
mobie base station tenrporarily holds the report aid 
secures a radio speech uvt for the existing base station 
a Thereafter, the mobie base station sends a radk) 
receiving condition report to the ensting base station B 
instapszaoi 

[OOeq At this moment, the radk) speech unit is avaia- 
ble only at the mobile base statioa Channel connection 
control is separately carried out between the existing 
base station B and the mobie base station, mi 
between the subsotMr terminal and the mobie base 
statioa The report of the mobie base station is sent to 
the network through the existing base station B in slap 
S237. Accord ng to the report the network selects a 
speech channel to be used between the existing base 
station B and the mobile base station and issues an 
insiiiction that specifies the s elected speech channel in 
step S23& The instruction is sent to the mobie base 
station through the eodsting base station B in step S239. 
At this moment there is a possUity that a speech 
channel is estabished between another existng base 
station and ttie mobie base station. According to the 
insruction. tf>e mobile base station activates the speech 
channel in step S247 and uses the radk) speech unit to 
carry out synchronization and estafafiah a speech chan- 
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nel between the existing base staton B and the mobile 
base station in steps S251 to S253. 
[0090] tn the mean time, the mobde base station 
refefs to the tenpofanly held radio condition report from 
the subscriber tenninal, secures a speech channel in 
the mobile racfio zone thereof, and informs the sub- 
scnber terminal of the secured speech channel in step 
S248. The mobie base station and subscriber terminal 
synchronize with each other and est^ish a speech 
channel between them in steps S249 and S250. Once 
the speech channels are established between the esdst- 
ing base station B and the mobile base station, and 
between the mobile base station and the subscriber ter- 
minal, cal control signals are transferred between the 
network and the subscriber termral through the speech 
channels, to oonplete the handing of the incoming cal 
to the subscriber temrinai. 

(4) Hamttng outgoing cal from subecrtber terminal in 
mobile racfio zone 

[0091] Rgures ISA and 18B show an operation of 
handing an outgoing caH from a sub6at)er temrvnal 
that is present in one of ttie mobfle radio zones of the 
mobile b8£% station. 

[0092] The sUbscrt>er terminal sends a radto transmit- 
tif)g Gonditioii report to the mobie k)8se station in step 
S260. The mobie base station temporarily holds the 
report and transmits a radio tra nsm it tin g condition 
report of own to the existing t>ase station B in step 
S261. 

(00931 Steps S262 to S278t«tttolowtfe the same 
as8tep6S237toS2S3ofFfgs. 16 and 17. Once speech 
channels are estabished between the existing base sta- 
tion B and the mobile base station, and between the 
mobile base station and the sitecrber teminal. cal 
control Signals are trarMferred between itie r>etworkand 
ttM subsaiMT terrmi through the speech ctumels. to 
complete the handlUig of the outgoing call from the sub* 
scriber terminaL 



(5) SwIlcNng chnielB tor cal of 
moDiieraaD 



in 



[0094] A channel ewilchng operafon for a cal d a 
subscriber terminal that is preeent in or>e of the mobie 
radto zones of the mok)ie base station is dasaified irrto 
a channel switching oper a tion between existing rado 
zortes. and a charwei switching operation between the 
motxle radk) zones of the mobile base station. 

1) Channel switcfvng operatDn t>etween eoostvig racfio 



[0095] Figures 19A and 19Bshowa channel switctung 
operation of the nvtsile base station between existing 
radtozorm. 

(0096] The mobile base station is travefing while peri- 



odically o btaini ng radio condition reports from the exist- 
ing radio zones of peripheral existing base stations. A 
call of a subscriber temrinai that is present in one of the 
mobile radio zones of the mobile base station is con- 

5 nected ta tor example, the existing base station B 
through a speech channel. If the radio condition of the 
speech channel connected to the eodsting base station 
B deteriorates below the radio condition of the existing 
base station A. the mobile base station sends a radio 

TO condition report 2 in step S280 to the existing base sta- 
tion 8 with a request for actively switching ctiarmels. 
(0097] U0on receiving the rec^jest the odsting base 
station B requests the network to issue an instruction to 
specify a new racfio charv>el. Upon receiving the instruc- 

15 tion from ttie network, the exising base Station B trans- 
fers it to the mobie base station in step S292. The 
mobile base station synchronizes the new channel with 
the existing base station A and switches the present 
speech channel connected to the existing base station 

20 B to the new channel connected to the ensting base 
station A in step 8293. The eodsting base station B 
r e l ea s ee the present cttannel in step S297. Subscrtoer 
terminais under the control of the mobie base station 
now panicpate in these operations, and therefore, no 

25 charmel switching occurs in tt>e subscriber terminalft. 

2) Channel swrtctwig between motxie radk> zones 

[0096] Figure 20 shows a channel switching operation 
90 of a subscriber terminal between the mobie radio zones 
of the motiie base station. 

[0099] The mot)ie base station is instafled in a mobie 
space such as a train, to control mobie radio zDr>es aOo- 
catad to cars of the train. WNIe the mobile base station 
as is traveing, the user of a subscriber terminal moves 
from one mctxle radk) zone to another i-a., from orw car 
to another. 

(01001 The subscriber terminal receives zone data 
from the moDie oase wauun aid fnom pviipMbria cwt- 

40 ing ttase stations and montors the rado conditions of 
the zones. The subscrit)er terminal periodicaly servls a 
radio condition report 2 to the mobie base station in 
step S300. V the sutascrfeer terminal rrvwes from a first 
m(A)ie racfio zorve to a second, the racfio conditicxi of the 

45 first one deteriorates, and that of the second one 
vnproveSL 

[0101] At this time, the mobile base station detemfinee 
that the racfio concfition of the second mobile radio zone 
is bettor for tt>e sut!is<i'ii>er ter usual than tttat of the first 

50 one, secures a ctiannel of the second one, and informs 
the subscriber terminal of the new channel in steps 
S302toS304. As soon as t>e subscriber terminal syrv 
chroruzes itself with tfie new cftarwMl, the speech chaiv 
nel to the first mobie radto zone is switched to the new 

55 oneinstepsS305toS307. 

[0102] Contrary to the example of Figs. 19A and 19B, 
existing base stations never partictoate in tftese opera- 
tions. Accordingly, no channel switching operation takes 
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place between the mobile base station and the existing 
base stations during the above operations, tf errors 
such as conmrication bit errors occur between the 
mobile base station and the sitecnber terminal, the 
rTK)bjte base station deterrnines that the radio ooridftion ^ 
is deteriorating and carries out channel switching 
between the mobite radio zones thereof. 



(6) Cutting call of subscriber termraJ in mobile radto 
2or>e 

[0103] The cutting of a call of a subscriber terminal 
that is present tn one of the mobfle radio zones of the 
mobile base station is classified into a cut on speech 
completion, a squelch between the mobOe base station 
and an existing base station, and a squelch between the 
mobile base station and the subscriber tonrwiaL 

1) Cut on speech conpletion 

[0104] Rgure 21 shcM a speech oompMon opera- 
tion. 

[0105] When a speech conpletes from the network, a 
speech completion process is carried out between the 
existing base station and subscriber terminal that relate 
to the cafl. through a speech chamel. The network 
informs the mobile base station of the cutting of the 
channel through the existing base station in steps S310 
and S311. The mobile base station relays the channel 
cut to the subscriber tennnal in step S312 ml returns 
a channel cut acknowledgenient to the ensting base 
station in step S314. The existing base station cuts the 
speech channel in ^ep S31 7. The subscriber temml 
receives the channel cu in step S312 and returns an 
actoK^edgement in step S313. 
[0106] Upon receiving the channel cut acknowledge- 
ment from the subecriber terminal, the mobile base ste* 
tion cuts a speech channel to the 8ubecrt)er teoninal in 

S315. *f ^ o^AATh tinjiBjiglaa «t fH* «a»tgyry*w tar. 

minal. the speech completion procen is carried out 
between the subscrtMr temrHnal and the eidstfng base 
station through the speech channel between them. The 
networi( informs the moble base station of a chamel 
cut through the eoMng baae statioa The processes 
that follow are the same as those mentioned above. 



2) Squelch between mobfle 
base station 



base station and existing 



[0107] Rgtre 22 shows a squelch operation between 
the mobile base station and the existing base station a 
[010B] The mobSe base station and existing base sta- 
tion B monitor speech channets md find that a racio 
cxyidition between them is lower than a predetemnned 
tflvel. If this iMHevelcondhioncontmues tor a predeter- 
mined time, a squelch action is carried out in steps 
S320. S321.andS32S 

[0109] The existing base station Binfonns the networi( 



of a channel cut and cuts the speech charviel in steps 
S322 to S324. On the other hand, the nrcbile base sta- 
tion intorms a con-esponding subscriber terminal of the 
channel cut (squelch) in step S326 and waits lor an 
adgxjwledgement from the subscriber termnal. Upon 
receiving the adrowtedgement m step S327, the 

mobile base station cuts a corresponding speech chan- 
nel in step S328. 

3) Squelch between moble base station and subscriber 
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[0110] Roure 23 shows a squelch operation between 
ttte mobfie base statran and a subscrtMr ternvnaL 

'5 [0111] The mobile base station monitors the radio 
condition of a speech (itannel connected to the sub- 
scriber tennnal. If the rado conditKon deteriorates 
belw a predetermined level and if it doee not inprove 
far a pr edetermined time in step 3330. the mobie base 

20 Station tritorms the subecrSser terminal Of a charviel cut 
(squekii) in stsp S33^ This infonmtion wH not be 
received by the subscriber tennnal due to the deteriora- 
tion of the radio oondibon. 

[0112] At the same time, the motile base station steps 
25 signal transmission through a speech channel to the 
ousting base station B in step 8335. Am a reeuH t>e 
ensting base statxan B adrowMges the squelch m tie 
mobie base statkm in stip S336. and requests the net- 
wori( to carry out a speech channel cutting operation 
90 sinto to the case Of Fig. 22. 



(7) Exclusive services in motile radto zone 

[0113] The present invention provides a variety of 
3S ttdusive services to t)e train in which the motile base 
station is installed. The senricee are provided with voice 
and digital signals through speech channels or as a 
smal amount of intor mat ion through control channels. 

40 1) Services ttfough speech channels 

[0114] Figure 24 shows evdusivesen^ provided in 
the train through speech channeis. 
[0115] The servces may be special dUsenmM. The 
45 user of a sub8cr«)er teminat (Ms ft special nunt>er 
starting with, fa exanple. •#." or **- In step S340. The 
main controler 34 (Rg. 5) of the mobie base station 
recognizes the special number, and the addtional-eerv- 
ice si^pisr 35 determines the content of a senrioe cor- 
50 responding to the special number. Thiesennce may be 
to cal an intormation desk in the train and is provided in 
stepS345. 

[0116] The exanple of Fig. 24 does not Bmit the kirvts 
otf sendees provided In step S346 through speech chan- 
« nels. The speech channels m^y be used to provide 
voice t n torm at ic n or for data oommunicatton such as 
personal-computer co nnu iim tiui and tacsimie oom- 
mutication. The services may include ordering some- 
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thing from a cafeteria in the train and asking for some 
sightseeing infomrtation. 

2) Services through control channels 

5 

[0117] Figures 25 to 27 show services pronded 
through control channels in the train. 
[01 1 8] In Rg. 25, a subscriber termina) receives addh 
tionai information through a control channel. The mobfle 
base station periodically sends the additionaJ intorma- io 
tion with a radio condition report to subscriber terminals 
in step S360. TYie additionaJ intor ma tion may be sent at 
other timings or at given imervate. 
[0119] Each subscriber terminal always receives a 
radio condition report from the mobile base station, is 
Upon receiving the additional infcxmation. the sub- 
scnber terminal may display it on an LCD part thereof. 
The additional infor mati on may indude an arrival 
announcement ior the nod stop. The additional-servica 
supplier 35 (Fig. 5) aste the main oontroAer 34 to pro- so 
vide such a sarvicei. and the main controfler 34 adds the 
service to the radio condition report and sends it to the 
sutecnt>er terminals. 

[01201 Figures 26 and 27 show a service tor rejecting 
outgoing and incoming caHs. This sendee uses tntorma- 29 
tion abou restrictions contained in a radio condition 
report periodtoaily transnvtted to subscriber terminalK. 
As soon as the train starts, the ongoing and incoming 
can rejection service starts. In Rg. 26. the incoming cal 
r^ection sennce turns on a speech rejection in step 90 
S370. If tt)ere is an incoming call from the network to a 
subscriber temvnal In steps S373 to S375. the mofale 
base station releases the sub6crt>er terminal in step 
S377 wrthou sending an alert message to the sub- 
scrber terminal. In this case, no ringing occurs on the as 
subscriber terminal. 

[0121] In Fig. 27, the outgoing cal rejection service 
turns on a speech rejection in step S3d0. If there is an 
outgoing cal from a suDsoMr temtnai in step S981, 
the mobile base station stmply releases the subscriMr 4o 
terminal in step S382. In the case of a usual inoonh 
Ing/outgoing cafl restrtctfon. the user or a subscrt)er ter* 
minal may move to arw^MT nuble rvdk) zorie in another 
car wtwe communication may be possUe if an outgo- 
ing cal is rejected. On the other hand, since the present 49 
invention sMs dam outgoing and inconrvng cal 
sequences iMf. the user may not attempt to move to 
another mobile radb zona 

[0122] The present irvention may provide a variety of 
infor ma tion restriction services. For sample, a specVic so 
mobile racfio zotm such as one for a first-dass car may 
be put outside the outgoirtg and incoming cal restric- 
tiors. This may discrimrate services depending on 
mobile radio zonea 

55 

3) Services through speech and contnsi channels 
[0123] Figtres 28 and 29 show senrices provided 



through speech and control channels in the train. 
[0124] The user of a subscriber terminal issues a 
voice or data instruction to the additional-service sup- 
plier 35 (Fig. 5) throu^ a speech channel. After a pre- 
determined time, a reply is sent to the subsaiber 
tenninal through a control channel. 
[0125] This service is a comb inati on of the service of 
Fig. 24 provided through speech channels and the serv- 
ice of Fig. 25 provided through control channels. 
Namely, steps S390 to S400 correspond to the services 
using speech channels, and steps S40i to S403 to the 
services using control channels. A replay to the sub- 
scriber terminalnuy be sent through a speech channel 
instead of a control channel, as in steps S402 to S4i 5. 
This service may be reaized in such a way that the user 
0* a atecriber terming makes a request by voice for 
infonnation about for example, a destination, and the 
mobile base station returns arrival tin>e tar the destina- 
tion. The arrival time is displayed on a display part of the 
s i tocj^i ei terminaL 

[0126] Ae aiqplainedabare, the present invention pro- 
vides the special effects of: 

(1) providing subacriber terminals that are present 
in the mobile radio zones of a mobie base stattoa 
with sennces specific to the mobile base stalion 
without delerioraMng communiGation quaity: 

(2) reducing the numbers of channel switching and 
position registering operations even durmg the 
highspeed traveling of the mobile base statioa to 
supprass congestion in a network that controls the 
mobie base station and reduce the power con- 
sumption of the subscriber teminals: and 

(3) providvig such specific sennces even to an 
tmnnobile area (a a nrwbile area moving at a speed 
d zero) by alocating a radto zone to the mnobile 



oaiins 

1. A mobie co mm u ni cati on systsmconprislng: 

an adsting base station tar controlSiig a focad 
radio zone that OMrs a predetermined araa; 
a mobile base station for oontroBing a mobde 
radta zone that covers an inner space of a 
mobile object: and 
a I 



Z The systsm of daim 1. wherein the nwbile base 
station has: 

fffst con wma'ia lion means tar communicating 
with the existing base station such that the 
mobile base station serves as a mobile base 
station tar the existing k)ase station; 
second u>i^bikiu<>alM'm mearv tor commin* 
eating with the mobie terminal such ttiat the 
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nx)bi e base station serves as a fixed fc>ase sta- 
tion tor ttie mobie terminaJ when the mobile 
terminal is present in the moble radio zone of 
the mobile base statton; and 
main contnal means for controUing path oon* s 
nection between the first and second communi* 
cation means. 

3. The system of claim 2. wherein the first conrwnun»- 
cation means connects and switches channels to io 
the existing base station, independently of the sec- 
ond communication means 

4. The system of datm 2, wherein ttie first communi- 
cation means has control channels to the existing is 
base station and successively scans perches tor 
unused control channels. 

5. The system of daim 2. wherein the second commu- 
nication means connects and switches ctoviels to 20 
the mobile terminal, independently of the fM 
nvucation means. 

6. The system of daiml wherein the second 

nicatkm means controls at least one mobile ratio 2S 
zone and conrnir^es with mobie temmals that 
are present in the mobde radk) zones such tM the 
mobile base station serves as a fixed base station 
for the mobile terminals. 



entered into or exited from the mobile radto zone if 
an entered or exited state cortinues tor a predeter- 
mffied time. 

13. The system of claim 2. wherein the existing base 
station confirms that the mobile terminaJ has 
entered into or exited from the mobile radto zone if 
an entered or exited state continues tor a predeter- 
nwted time. 

14. A mobile base station provided for a mobteobfect 
tor oonrvmncating with an existing base station 
having a fixed radto zone covering a predeterm^ied 
area and wtth mobtte terminals, and control li ng 
mobile radk) zones allocated to inner spaces of the 
mobile object oon^prising: 

base oommuntcation means tor c omn m i cat i n g 

with the existing base station; 

terminal oomnuntoatton means tor oonvnmi- 

catrng with the mobile tarminalB ttwt are 

present in the mobie radto zones; and 

makt co i wm ni c ation conW meant tor con&ol> 

ling co nw u ii uni on between the base commu- 
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7. The system of claim 5. wherein the second oonvm- 
nication means transmits signals vvhose level is 
greater than the level of signals received firom the 
fixed radto zone. 

a The system of dani 7. wherein the level of si^i* 
to be transmitted is controlled to be relatively 
greater than the lo^ of received sifptals. 

a The system of claim 2, wherein the mobie base 
station further has: 

addiliona^wvtoe sif^ly means tor supplying 
additional oonmncatton servtoes exclusively 
to the mobie radto zone. 



ia The system of daim a wherein the addtowloonrv 
nunicatton services are irafivtouaiy 6&4)p(ied to 
mobie rado zones that are under the oonM of the 
mobie base station. 50 



11. The system of claim 2. wherein the mobie temmral 
connects and switches channels when entering into 
or exiling from the mobie radto zone if an entered 
or exited state laste tor a predetermined tima 
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12. The system of daim Z wherem the mobie base 
station confirms that the mobie tenrenal has 



oonmunicabon means and pr o vi ding eocdusive 
servtoes to the mobie terminals that are 
present in the mobie radto zones. 

ia The mobie base station of daim 14. wherein the 
base oommuntoaion means has: 

a base transceiver for communicating with 
existing base stations that form a mobie com- 
nunication service network; and 
a base controier for controUing the base trans- 
ceiver and securing channels tor the base 
transceiver. 

ia The mobie base station of daim u. wherein the 
terminal conii m Uta ilon means has: 

a tenninal transceiver tor co n e i mita ting with 
the mobie terminals: and 
a terminal controller tor conW i ng the temtinal 
transceiver and securing channels tor the 
mobile terminals that move between the mobie 
radto zones. 

17. The mobie base station of daim 14. wherein the 
main oommunicaion control means has: 

a main oontroOer for contolliHa ^ base oorv 
troller of daim 15 and the terminal controller of 
daim 16 and selecting channels between the 
base controlter and the terminal oontroier; and 
an addKional-serMoe soapier tor providing the 
exclusive sennces to the mobie terminals that 
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are present in the mobile radio zones. 
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18. The mobile base station of daim 15. wherein the 
base transceiver has control channel units for the 
existing base statioa and wherein unused control s 
channel units saquentialy scan perches. 

19. The mobile base station of daim 16. wherein the 
terminal transceiver controls the level of radio sig- 
nals in the mobile radio zones to control the lo/el of 10 
perches for the mobile terminats. 

20. In a method of oontrolKng conrmjrucatfon arnong a 
network, esdsting base statfons each tor controBing 

a fixed radfo zone that covers a predeterminad i$ 
area, a nKSbile base station for oontroling at least 
one mobile radio zone allocated to an inner apace 
of a mobile obfect and mobile terminals, a method 
of registering the position of or>e of the mobile ter- 
minals that enters into the mobfle radfo zone from so 
one of the fixed radio zones, comprising the stape 
of: 

making the mobile terminal receive a report 
and actively issue, according to the report a 2S 
request for updatffig a registered positioa the 
request accompanying infann atfo n about the 
mobie base station; 

maknig the mobile base station receive the 
request and transfer the same to the network so 
through the SDosting base station that controls 
the fbced radfo zone in questfon: and 
making the netvwork receive the request and 
update the registered poshfon of the mobile ter- 
minal stored in a home nrwmory by the informa- 55 
tion about the mobile base statfon. 

21. In the method of controlling oomnutcalfon of daim 
20. a method of registertng tne posifon or one or 
the mobile tennnals that eodts from the mobile racfo 40 
zone, comprising tfie steps of: 

mafong the mobile terminal receive a report 
and adively issue, aooon£ng to the report a 
request for updating a registered positfon. the 45 
requeat aooompanying inform a tion about the 
mobie t>ese station; 

maldng a proper or>e of the easting base sta- 
tions receive t)e request and transfer the same 
to the network; and so 
making the network receive the request and 
update the registered position of the mobile ter- 
minal stored in a home memory accordingly. 



22. In the nwthod of contrdGng communication of daim 
20. a nriethod of controlling speech channels when 
one of the mobfle terminals that is in a talking state 
enters into the mobile racfio zone from one of the 
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fixed radfo zones, comprising the steps of: 

making the mobile terminal actively issue a 
request for switching channets. the request 
accompanying a radfo conditon report and 
informatfon about the mobile base statfon: 
maMng the existing base statfon that controls 
the fixed radfo zone in question receive the 
request and transfer the same to the network: 
maWng the network receive the request and 
issue a request tor securing a channel tor the 
nx3bite base statfon according to the intorma- 
tfon ^sout the mobile base station whose radfo 
concfitfon is determined to be the most suitable 
tor the mobie terminal; 
maleng the mobile base statfon set accordnig 
to the channel securing request a new speech 
channel between the mobile base statfon «ti a 
proper one of the SBdsting base stations; arvl 
using the nm speech channel to set a speech 
channel between the mobile base statfon «id 
the mobie temmti. 

2S. Inthenwthodof oortrofifigcorrirrxmicalionofdaim 
20, a method of ooniroling speech channels when 
one of the mobile terminals that is in a talMng state 
exits from the mobie radfo zone, comprising the 

nuMng the mobie terminal actively issue a 
request for swichmg channels, the request 
acconrpanying a radfo conditfon report and 
infor mation about the mobile base statfon; 
nrtaMng the mobifo base statfon receive the 
request and transfor the same to the network 
through a proper one of the existing base sta- 
tKw; 

maMng the network receive the request and 
isaie a requesi for securing a cnomoi ior and 
Of the existing t>ase Stations whose radfo condi- 
tfon is determined to be the most suitable 
acoordng to the rado condtfon report ml 
maMng the existing base station of the most 
Buttab^ radfo condtfon set acoordng to the 
channel securing request a new speech chan- 
nel to the mobile temmL 

24. In the nriethod of 0(>ritrolir>g cornmurucation of daim 
20. a nMthod of registering a position of the mobie 
base station that is moving, conprising the steps of: 

maWng the mobie base statfon receive a 
report and actively issue, according to the 
report a request for ipdating a registered posi- 
tfoa the request aooompanying in foiii a tfon 
about tf>e mobifo base statfon; 
maMng a proper one of the existing base sta- 
tfons receive the request and transfer the same 
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to the network: and 

maKing the netvwork receive the request and 
update the registered position of the moNe 
base station stored m a honr>e memory accord* 
ingly. 

25. In the method of co n ti ulling communication of ctaim 
20. a method of controUing channels of the mobie 
base station that is rnoAng, connpnsing the steps of: 

making the mobile base station actively issue a 
request «or switching channels, the request 
accompanying a racfo condition report and 
intormatkyi about the mobile base station; 
makvig a proper one of the existing base sta- 
tions receive the request and transfer the same 
to the network; 

nrvUdng the network receive the request and 
issue a request for securing a channel for one 
of the existng base stations whose radio condi- 
tion is determ in ed to k>e the most suitable 
according lo the radb con diti on report and 
making the flodsting base station of the most 
surtable radio condition set according to the 
channel securing request a new speech chan- 
nel to the mobile base statioa 



26. Inthenrtelhodof corilrolBngcornmunjcationofclaim 
20. a method of handfing an incoming cafl to one of 
the mobile termmals that is under the control of the 90 
mobUe base station, conphsing the steps of: 

malwig the network retriM from a home mem- 
ory infcymation about the nrxibile base statx)n 
that is oontrottng tha mobile terrnnat to be 35 
called; 

making the mobile base station transfer the cal 
from the network to the mobile terminal; 



receiving condition report ftrom the moble ter- 
minal and tenporartty hold the report 
making the mobile base station set a channel 
to a proper one of ttie eodsting base statkm 
acoordbig to a nOo receiving oondHion report 
of its own: 

nvking the mobile base station connect the set 
channel with a charviei to be eet to the mobie 
ternml according to the temporarily heW 
report and 

pcocesstng the Incoming call between the 
mobie terminal and the network. 

27. InthemethodofcontrolGngoonvnunicationof diaim 
20, a method of handfrig an outgoing cal from one 
of the mobile tenninals that is wider the control of 
the mobile base station, oorrtohsing the steps of: 

makmg the mobie terminal transmit a rado 
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transmitting condition report to the mobile base 
station; 

maWng the mobile base station temporarily 
hold the report and transmit its own radio trans- 
mitting condition report to the network ttvough 
a proper one of the existing base statiorv; 
maJgng the mobie base station set a channel 
to the ejosting base station according to a 
request from the network; 

maMng the mobie base station connect ttie set 
channel with a channel to be set to the mobile 
terminal accordmg to the temporarily held 
report; and 

processing the outgoing call between the 
mobile teminal and the network. 

2& hithenrwthodofcorrtoangoomrmjnicationofdam 
20. a method of registering the position of one of 
the mobile terminals in the mobile base stotion. 
conprising the steps of: 

maWng the mobile terminil reoeiw reports 
from the mobile radio nnes and actively issuei» 
acow^ to the reports, a request lor ipdating 
a registered position; and 
maMng ttie mobile base station receive tie 
request and update the registarsd position 
managed by the mobie base station. 

2a In the method of coning conrviwication of dam 
20. a method of controfing a channel from tfte 
mobile base station to one of the mobile tvnwials. 
comprising the steps of: 

maMng the mobie terminal issue a request for 
awTtching a channel, the request acconpany- 
ing a racte condition report about tile rado con- 
ditions ^ the moble radto zones: ms 

MioHMy tno iTiuwim uiov mmuuTi I'Mivib urn 

request and set a Channel to the mobie termi- 
nal m one Of tt>e mobile racSo zones whose 
racSo condition is determined to be the most 
suitable according to tiie radio condition report. 

30l InthenwlhodofoonfeoSrigoonwnunicationofcl^m 
20. a method of temninating a call of one of the 
terminalB under ttw control of the mobie 
station, oonprising ttw steps of: 



so cutting a channel between a corresponding 

one of tt)e easting base stations and the 
mobile base station according to a channel cut- 
ting instruction from ttM network; and 
maMng tiw mobie base station cut a channel 

55 to tiw mobie tenninal. 

31. The cal terminaing method of daim 30. further 
comprising the step of: 
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making the mobile base station cut the channel 
to the mobile terminal upon detecting a squelch 
between the existing base station and the 
mobile base station. 



adcSng a senhce corresponding to the instruc- 
tion to a report and transmitting them to the 
mobile terminal through a control channel. 



instruction being generated with a special dial 
nunt>er, voice, or data: and 



5 



32. The call terminaling method of claim 30. further 
comprising the step of: 

making the mobile base station cut the channel 
to the existing base station upon detecting a io 
squelch beMveen the mobile base station and 
the mobte terminal. 

33. tn a method of controlQng services provided by a 
mobile base station to mobile termirals. the mobie i5 
base station being installed in a mobae object to 
communicate with ensting base stations each con- 
troiltng a fixed radio zone that covers a predeter- 
mined area as well as with the mobie t eiiiw iato , 
ttie mobfle base station contiol lii \| at least on% so 
mobile racfio zon« aflocated to an inner space of the 
nxibile obfect tie mobile ternvialB being present in 
the mobile racio zone, a method of providing the 
services to the moble terminals through speech 
cfwwels conrpris in g the steps of: 2$ 

receiving an instruction from any orw of the 
mobile termrals \n the mobfle radio 2or>e. the 
instruction being generated with a special (Sal 
number, voice, a data: and 30 
providing a service corre sp onding to the 
instruction to the mobBe tenrinal through a 
speech channel. 

34. In ttie method of oontroHing services of daim 33. a 38 
method of providing the sennces to the mobile ter- 
ming through corrtrol channels conprising the 
step of: 

adding the services to a report and transmitting 40 
them to the mobi« tenninals through the oon- 
trol tfiarmela. 

35. The metMd of daim 34. «^ein the sendees 
include s peech reje cting data to release incoming 45 
caHe to the mobie tenminals. 

36. The method of daim 34, w^dn the services 
include ^>eech restiicting data to rdease outgoing 
calls from the moble terminals. sc 

37. tnthemethodof oontfolting services of dffim 33, a 
method of pron^ tho senhces to the mobile ter- 
minals through speech and control channels oorrv 
prising the steps of: 58 

receiving an instruction from any one of the 
mobile terminals in the mobfle radio zone, the 
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